Interpretation of magnetic resonance (MR) arthrography images of the glenohumeral ligaments is made difficult by anatomical variations and by the lack of descriptions of signs of pathology of the ligaments. In this review, we describe the normal and pathologic appearance of the glenohumeral ligaments of the shoulder. These ligaments play an important role in stabilization of the shoulder. Both 1.5 and 3 T MR units were used to acquire the MR images. The principal investigator reviewed the imaging reports and arthroscopic reports. All cases were correlated with arthroscopy. Lesions of the superior glenohumeral, middle glenohumeral, and inferior glenohumeral, including humeral avulsion of the glenoid ligament are discussed. Diagnosis of lesions of the glenohumeral ligaments remains a challenge. R esum e L'interpr etation des images d'arthro-IRM des ligaments gl eno-hum eraux est difficile en raison des variations anatomiques et du manque de descriptions des signes de pathologie des ligaments. Dans cet article, nous d ecrivons l'aspect normal et l'aspect pathologique des ligaments gl eno-hum eraux, qui jouent un rôle important dans la stabilisation de l' epaule. Un appareil d'IRM de 1,5 T ainsi qu'un appareil d'IRM 3 T ont et e utilis es pour obtenir les images. L'investigateur principal a pass e en revue les rapports d'imagerie et d'arthroscopie. Tous les cas ont et e corr el es avec les r esultats de l'arthroscopie. L'article traite des l esions des ligaments gl eno-hum eraux sup erieur, moyen et inf erieur, y compris l'avulsion hum erale du ligament gl eno-hum eral inf erieur. Le diagnostic des l esions des ligaments gl eno-hum eraux demeure un d efi.
Introduction
The glenohumeral ligaments (GHLs) are the most important passive stabilizers of the shoulder joint. They play an important role in the stability of the glenohumeral joint. Magnetic resonance (MR) arthrography can be used to evaluate the ligaments, and multiplanar images can be obtained. MR arthrography improves visualization of various capsulolabral structures of the shoulder compared with conventional MR imaging. In a previous article, the MR arthrography appearance of capsular derangement was addressed [1] . Although this article describes injuries of the capsular attachment and Bankart lesions in general, it does not specifically address lesions of the GHLs. The knowledge about imaging of GHL injuries on MR arthrography remains limited. In an article by Chandnani et al [2] , the sensitivity for tears of the superior GHL (SGHL), middle GHL (MGHL), and inferior GHL (IGHL) was reported to be 100%, 89%, and 88%, respectively, and the specificity was 94%, 88%, and 100%, respectively. In an article by Chung et al [3] , lesions of the posterior band of the IGHL complex are described.
In our article, we present imaging studies of normal and pathologic GHLs and correlate them with arthroscopic reports. Identification of injuries of the GHLs is important in the assessment of shoulder instability and trauma.
Clinical Experience
We retrospectively reviewed the imaging and arthroscopic findings of 100 patients seen at our institution at our orthopaedic shoulder clinic. The images were reviewed by 2 musculoskeletal radiologists: 1 with 20 years of experience (C.B.) and 1 with 3 years of experience (M.S.). MR arthrography is performed with injection of 15 mL of a mixture of gadopentate dimeglumine (Magnevist; Schering, Berlin, Germany) and saline solution into the shoulder joint under fluoroscopic control and by using an anterior approach. Intraarticular injection of paramagnetic contrast material is approved by the ethical committee at our institution. Coronal T1-weighted fat-saturated images were obtained on a 1.5 or 3 T MR (Achieva, Philips, The Netherlands; Symphony Vision, Siemens, Germany). Various sequences also were obtained, including proton density and T2-weighted images and 3-dimensional gradient echo images. Typical imaging parameters for the T1-weighted images were TR, 661e910; TE, 12e20; slice thickness, 3 mm; acquisitions, 2. In addition, transverse fat-saturated proton density-weighted images (TR, 2183e3084; TE, 27e54; slice thickness, 3 mm; acquisitions, 2), sagittal proton density-weighted images (TR, 3000e4012; TE, 8,9e11; slice thickness, 3 mm; acquisitions, 2) were obtained. The principal investigator reviewed the imaging reports and arthroscopic reports. All cases were correlated with arthroscopy. The arthroscopists had 30 and 15 years of experience and were specialized in shoulder pathologies (N.P. and F.H.). It is noteworthy that at arthroscopy, the SGHL and MGHL may be difficult to analyse because of the great variability in anatomy. Injury to the IGHL is more reliably diagnosed with arthroscopy. Hence, arthroscopy may not represent a perfect criterion standard. 
SGHL
The main function of the SGHL (Figure 1 ), in concert with the coracohumeral ligament), is to prevent instability of the shoulder in the posterior and inferior direction. Together with the coracohumeral ligament, transverse humeral ligament, and subscapularis tendon, it is part of the reflective pulley or sling of the biceps tendon [4] .The SGHL originates from the superior glenoid margin, anterior to the origin of the long head of the biceps tendon and inserts on the lesser tubercle, in conjunction with the coracohumeral ligament. It also can originate from the attachment of the long head of the biceps tendon or the MGHL [1, 5] . It passes through the rotator interval [6] . Because of its small size and position, the SGHL is only torn if associated with other lesions in the anterosuperior shoulder capsule [7] , such as the labrum (Figures 2 and 3 ), the MGHL (Figure 4 ), long head of the biceps tendon, and capsule ( Figure 5 ). The SGHL may occasionally not be evident because of a thin aspect or a lack of contrast surrounding it. On MR images, the SGHL runs parallel to the coracoid process and follows the course of the biceps tendon. It is best evaluated on transverse images. 
MGHL
The main function of the MGHL is to limit external rotation ( Figure 6 ). It may be absent in 30% of the population [6] . The MGHL arises together with or inferior to the SGHL and the long head of the biceps tendon at the anterosuperior part of the glenoid labrum. It also may originate on the glenoid neck [1, 5] . It inserts most frequently at the base of the lesser tubercle or can blend with the joint capsule before reaching the lesser tubercle [6] . It crosses the anterior capsular space. It is the ligament most variable in size. When associated with an absence of the anterosuperior labrum, it may appear thick and cord-like, a condition designated the Buford complex [1] . This may simulate an anterior labral tear. The appearance of the ligament also may vary considerably with rotation of the shoulder. Potential signs of a sprain of the MGHL include undulation (Figure 7) , elongation, or thickening (Figure 8 ). There are several types of tears of the MGHL: detachment from its labral insertion, capsular disinsertion, or longitudinal fissuration [8] . Commonly, other lesions, such as labral tears, superior labral tear from anterior to posterior lesion, anterior labral avulsion, anterior labral periosteal sleeve avulsion and Bankart lesion, and rotator interval lesions, are associated ( Figure 9 ) [6] . The MGHL can best be depicted on transverse or sagittal MR images, although it can occasionally be appreciated on coronal images. 
IGHL
The anterior band of the IGHL (Figure 10 ) limits anterior translation in abduction and external rotation. The posterior band limits posterior translation in abduction and internal rotation. The axillary pouch limits movement in abduction. The IGHL is made up of a thick anterior and posterior band and the axillary pouch. The anterior and posterior bands of the IGHL originate from the anteroinferior or posteroinferior labrum and insert onto the surgical neck of the humerus [6] . The anterior band usually is quite prominent. The posterior band is thinner than the anterior band [1, 5] . The anterior band of the IGHL is the most frequently injured ligamentous structure in the shoulder [9] . This is because of the anteroinferior luxation of the humeral head. It is often associated with an anteroinferior labral injury, designated Bankart lesion. Midsubstance tears of the axillary pouch are seldom seen and only in the setting of severe or repetitive trauma ( Figure 11 ). Posterior IGHL lesions can be seen with posterior shoulder dislocation [3] (Figure 12 ). Lesions that may be associated include a reverse Bankart lesion, reverse Hill-Sachs lesion, and posterior labral tears [10] . The humeral avulsion of the glenoid ligament lesion also represents an injury of the IGHL. It transforms the normal U shape of the inferior capsule as seen on coronal images in a J shape ( Figure 13 ) [9] . Contrast leakage surrounding the humeral shaft may also be seen in the acute phase of this condition (Figure 14) . The IGHL can best be evaluated on sagittal and coronal MR images.
Signs of GHL Injuries
To our knowledge, many articles describe the normal anatomy of the GHLs but few address the pathologic appearance of these ligaments on MR arthrography. Hence, the radiologic signs of injuries of the GHL have not been described in detail.
In our practice, we have used a number of signs for diagnosing injuries of the GHL. Frank discontinuity is not often seen but obviously is a clear sign of injury. This may be a difficult sign for the SGHL, which is often not well seen. Discontinuity of the MGHL can be evaluated on sagittal or transverse images and, of the IGHL, in all 3 imaging planes. Nonvisualization is another sign we use. It has limitations, however, because the SGHL is often not seen well, and it has been reported that the MGHL can be absent. The IGHL, however, should be visualized in almost every patient. Undulation of the ligament is another sign we have used. This is certainly abnormal if it occurs in the SGHL. The MGHL, as evaluated on sagittal or axial slices, can occasionally be undulated because the ligament may not be taut in certain shoulder positions, so it may be of limited value in this setting. The same is true for the IGHL; it is not always taut, depending on the arm position. Thickening of the ligaments also can be a potential sign of pathology. However, a description of the normal thickness of ligaments is lacking. The thickness of the SGHL appears to be very variable on MR arthrography. Many reports describe that the MGHL also is very variable in thickness [8] . In our experience, the anterior band of the IGHL can also show significant variation in thickness. Increased signal intensity of the ligaments may be a valuable sign on MR imaging for all ligaments. Nevertheless, this could be because of intrasubstance changes, for example, mucoid degeneration that may not be visualized on arthroscopy, and, therefore, correlation may be difficult. Penetration of contrast in a torn ligament appears a valuable sign for all ligaments. A pitfall here may be that the ligament may be folded and the impression of contrast penetration may be a pitfall. In summary, detection of injuries of the GHL may be challenging, and few data have been reported in the literature.
In conclusion, glenohumeral lesions can be detected with MR arthrography, although many challenges remain. T1 and proton density images with fat saturation are most useful for diagnosis, although other sequences also may be helpful. In cases that were not accurately diagnosed at MR arthrography, correlation with the arthroscopic findings proved useful for a better understanding, although arthroscopy also has its limitations in the diagnosis of GHL ligament lesions.
